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Given the lack of procedure standardization, findings vary from analyses of pancreatic tissues
collected by endoscopic ultrasound–guided fine-needle biopsy. It is not clear which needle and
technique yield the best specimen for analysis. We compared the specimen quality and accuracy
of diagnoses made from samples collected by fine-needle biopsy needles using different
collection techniques.
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METHODS:

108
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110
Patients found to have pancreatic masses during imaging (n [ 129) were assigned randomly to
groups from whom pancreatic tissue samples were collected by reverse-bevel, Menghini-tip,
franseen, or fork-tip needles. A second randomization determined the technical sequence of
biopsies in each patient (suction, no suction, and stylet retraction). Two independent pathol-
this paper: EUS-FNA, endoscopic
spiration; FNB, fine-needle biopsy; ROSE,
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ogists, blinded to the type of needle and sampling technique, analyzed all the samples. Final
diagnoses of malignancy were made based on surgical resection, death from cancer progres-
sion, or findings from radiology or clinical follow-up evaluations (reference standard). The
primary objective was to compare the cellularity of the samples collected, defined as the
proportion of core tissue in the biopsy sample. Secondary objectives were to compare the ac-
curacy of diagnoses made from biopsy samples and identify factors associated with high
cellularity.
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RESULTS:
184
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One-hundred and nine patients had a final diagnosis of malignancy (84.5%) and 20 patients had
benign disease (15.5%). Samples collected by fork-tip or franseen needles had significantly
higher cellularity than samples collected by reverse-bevels or Menghini-tip needles (P < .001).
Neoplasias were identified with greater than 90% accuracy using samples collected by fork-tip
or franseen needles (P < .001 compared with other needles). On multivariable regression
analysis, use of franseen needles (odds ratio [OR], 4.42; 95% CI, 2.58–7.58; P < .001) or fork-tip
needles (OR, 3.86; 95% CI, 2.24–6.64; P < .001), stylet retraction (OR, 2.13; 95% CI, 1.21–3.72;
P [ .008), no suction (OR, 2.74; 95% CI, 1.57–4.80; P < .001), and pancreatic mass larger than 3
cm (OR, 1.92; 95% CI, 1.21–3.05; P [ .005) were associated with high cellularity of the sample.
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CONCLUSIONS:

193

194
In patients with suspected pancreatic cancer, samples with the highest degree of cellularity in a
single biopsy, resulting in a diagnostic accuracy of 90% of higher, were collected by fine-needle
biopsy using the franseen or fork-tip needle. Clinicaltrials.gov no: NCT04085055.
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Endoscopic ultrasound–guided fine-needle aspira-
tion (EUS-FNA) is integral to the diagnosis and

staging of gastrointestinal malignancies, particularly
pancreatic tumors. Although several steps are involved
in determining the overall procedural outcomes, one
key factor is the technique adopted for tissue procure-
ment, which includes applying suction or retracting the
needle stylet during tissue sampling.1–3 These variations
in techniques, however, contribute to poor procedural
standardization and thereby the wide variation in re-
ported outcomes for the diagnostic sensitivity of EUS-
FNA in pancreatic cancer, ranging from 50% to 100%.4

Cytologic aspirates from EUS-FNA have limited diag-
nostic sensitivity in chronic pancreatitis and often with
suboptimal cellularity. Fine-needle biopsy (FNB) devices
with unique geometries have been developed to procure
specimens showing tissue architecture.5 Given promising
data that a histologic yield of more than 90% can be
accomplished,6,7 recent studies recommend that FNB
needles be used preferentially, in lieu of FNA, for sam-
pling all solid mass lesions identified at EUS.8 This is
particularly important because EUS-FNB is becoming an
essential tool for the molecular and genetic character-
ization of peri-ampullary carcinomas to guide individu-
alized and targeted cancer therapies. Unfortunately,
there is discrepancy in the literature on the reported
tissue yield of FNB devices, ranging from 59% to
95%.6,9–11 It is unclear if this is related to the type of FNB
needle being used or the technique adopted for sampling.
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Although the National Comprehensive Cancer
Network recommends EUS guidance to be the preferred
method for tissue acquisition in patients with suspected
pancreatic cancer,12 the procedure is not widely avail-
able in rural and nonteaching hospitals, where the use of
percutaneous biopsies still is prevalent.13 One major
impediment to the wider adoption of EUS is variability in
outcomes, which likely is related to poor standardization
of the procedure.

Given the increased use of EUS-guided FNB as the
preferred strategy for tissue acquisition in suspected
pancreatic cancer, it is important to find an answer to
one elusive but sentinel question: which needle and
technique likely will yield the most optimal specimen,
preferably in a single pass? The answer to this critical
question will simplify the procedure and enable stan-
dardization of outcomes. To test this concept, we
designed a 4-arm randomized trial correlating needle
design and procedural technique with findings at pa-
thology and clinical follow-up evaluation. The study
hypothesis was that, given the unique geometry,
tailoring the sampling technique to specific needle
design likely will yield the most optimal biopsy spec-
imen. The primary end point therefore was to compare
the cellularity for all available Federal Drug
Administration–approved FNB needles. The secondary
end points were to compare operating characteristics
of biopsy samples and to identify factors associated
with cellularity.
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What You Need to Know

Background
Given the lack of procedure standardization, findings
vary from analyses of pancreatic tissues collected by
endoscopic ultrasound–guided fine-needle biopsy. It
is not clear which needle and technique yield the
best specimen for analysis

Findings
In patients with suspected pancreatic cancer, sam-
ples with the highest degree of cellularity in a single
biopsy, resulting in a diagnostic accuracy of 90% of
higher, were collected by fine-needle biopsy using
the Franseen or fork-tip needle.

Implications for patient care
Samples should be collected from patients with
pancreatic masses by fine-needle biopsy using the
Franseen or fork-tip needle, to increase the quality of
the sample and accuracy of analysis.
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Materials and Methods

Patients and Settings

This randomized trial was conducted at AdventHealth
Orlando (Orlando, FL). All patients aged 18 years and older
with suspected solid pancreatic mass lesions that were
identified on computed tomography scan or magnetic
resonance imaging and referred for EUS-FNB were eligible
for participation. Patients were excluded if a pancreatic
mass lesion was not seen at EUS, the mass had a cystic
component, or if coagulation parameters were abnormal.
Written informed consent was obtained from all patients.

All authors had access to the study data and reviewed
and approved the final manuscript.

Randomization and Masking

Computer-generated randomization assignments
were obtained using the block randomization method
and placed in sequentially numbered, sealed, opaque
envelopes to be opened by the endoscopy nurse intra-
procedurally when patients met inclusion criteria. Pa-
tients were randomized equally to 1 of the 4 FNB (22G)
needle cohorts (1:1:1:1 allocation): reverse-bevel, Men-
ghini-tip, franseen, or fork-tip. A subsequent randomi-
zation assignment in the same envelope determined the
sequence in which sampling was performed using the 3
most commonly described techniques: application of
negative suction, not applying any suction, or slow
retraction of the stylet.

Two independent pathologists with expertise in
gastrointestinal diseases, blinded to the type of
needle and sampling technique, rendered
interpretations.

Procedural Technique and Tissue Analysis

All procedures were performed using a linear array
echoendoscope (Olympus GF-UCT180; Olympus America,
Inc, Center Valley, PA) after administration of propofol
using 1 of 4 FNB (22G) needles (ProCore; Cook Endos-
copy, Winston-Salem, NC; EZ Shot 3 Plus; Olympus
America, Inc; Acquire; Boston Scientific Corporation,
Marlborough, MA; or SharkCore; Medtronic, Sunnyvale,
CA) by 1 of 4 experienced endosonographers (>750 EUS
procedures/y). The 4 needle-tip designs are shown in
Supplementary Figure 1 and their geometries are
described in the Supplementary Appendix. During EUS-
FNB, the stylet was removed after puncturing the
pancreatic mass, and sampled using the fanning tech-
nique (4 strokes at 4 locations within the mass)
(Supplementary Video 1). Details of individual sampling
techniques are included in the Supplementary Appendix.
Three dedicated passes were performed using the
assigned needle: 1 pass for each of the 3 techniques, with
the order of the technique determined by the
FLA 5.6.0 DTD � YJCGH57316_proof �
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randomization sequence. The tissue specimens from
each pass were collected separately in 10% formalin for
tissue analysis.

Details on the method of tissue preparation and his-
tologic assessment are included in the Supplementary
Appendix. To limit subjective interpretation, specimens
were quantified using specialized image analyzing soft-
ware (Nikon DS-Fi2 color camera and NIS-Elements
Basic Research Software Version 4.5; Nikon In-
struments, Inc, Melville, NY) that measured the total
specimen area, core tissue (acinar and ductal cells,
fibrosis, and tumor when applicable), blood, and crush
artifact.6,7 This basic research imaging software has been
used previously in other medical specialties to evaluate
and quantify tissue morphology.14–16

Immediate adverse events were documented at the
time of the procedure and late adverse events by tele-
phone follow-up evaluation at 7 and 30 days after the
procedure.

Definitions

The primary outcome, cellularity, was defined as the
proportion of core tissue to the total specimen area, the
grading of which was determined by previously estab-
lished criteria (Supplementary Appendix). The core tis-
sue sample comprised predominantly either acinar and
ductal cells, fibrosis, and tumor cells (when applicable).
The diagnostic adequacy of the tissue core was defined
as the presence of pancreatic parenchyma and tumor
(when applicable). Nondiagnostic tissue was defined as
suboptimal or insufficient material that was not condu-
cive for interpretation or representative of the final
diagnosis. Technical failure was defined as needle mal-
function before the 3 sampling maneuvers could be
8 August 2020 � 11:15 am � ce DVC
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performed. Adverse events were defined according to a
predefined consensus.17

A final diagnosis of malignancy was defined by 1 or
more of the following criteria: (1) histologic evidence of
malignancy in the current sample or subsequent surgical
resection specimen, (2) progression of the lesion or the
presence of metastases on follow-up imaging, (3) cancer-
related death, and (4) follow-up evaluation with the pa-
tient’s referring physician confirming death or disease
progression as a result of pancreatic cancer. Lesions
were considered benign if they met 1 or more of the
following criteria: (1) surgical pathology reported no
malignancy, (2) follow-up imaging at 6 months reported
a resolved or stable mass with no increase in size or
metastases, and (3) patient well-being at the 6-month
Table 1. Comparison of Patient and Mass Characteristics and

Reverse-bevel Mengh

(n ¼ 33) (n ¼
Age, y

Mean (SD) 71.9 (10.6) 67.9
Median 74 7
IQR 67–79 61
Range 50–89 28

Sex, n (%)
Female 16 (48.5) 13 (
Male 17 (51.5) 20 (

Race, n (%)
Black 4 (12.1) 1 (
White 28 (84.8) 27 (
Othera 1 (3.0) 5 (1

Mass size, cm
Mean (SD) 3.0 (0.9) 3.1
Median 3.0 3
IQR 2.5–3.6 2.7
Range 1.2–5.0 1.0

Mass location, n (%)
Head/uncinate/genu 25 (75.8) 27 (
Body/tail 8 (24.2) 6 (1

Vascular invasion, n (%)b 13 (39.4) 14 (
Distant metastases, n (%)c 6 (18.2) 6 (1
Route of EUS-FNB, n (%)

Transgastric 8 (24.2) 6 (1
Transduodenal 25 (75.8) 27 (

Type of mass, n (%)d

Malignancy 19 (57.6) 26 (
Other neoplasia 7 (21.2) 4 (1
Benign 7 (21.2) 3 (

Needle dysfunction, n (%)e 4 (12.1)
Adverse events, n (%)f 1 (3.0) 1 (

EUS-FNB, endoscopic ultrasound–guided fine-needle biopsy; IQR, interquartile ra
aOther includes 2 Asians and 14 Hispanic patients.
bVascular invasion involved an artery in 11 patients, a vein in 43 patients, and bo
cMetastases to the liver in 16 patients, brain in 1 patient, lungs in 2 patients, and
dFinal diagnosis: benign disease in 20 patients (all chronic pancreatitis); malignan
and other neoplastic lesions in 16 patients (1 gastrointestinal stromal tumor, 5 ly
eNeedle dysfunction: reverse-bevel: broken or bent needle during FNB in 3 patien
needle during FNB in 1 patient.
fAdverse events: reverse-bevel: postprocedural abdominal pain, requiring admiss
bleed from a malignant duodenal ulcer in 1 patient; franseen: self-limiting mucosal
which stopped with conservative management in 1 patient; fork-tip: postprocedu
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follow-up evaluation with the primary care physician.
The reference standard for classification of disease
included the following: surgical resection, death from
disease progression, repeat radiologic, and/or clinical
follow-up evaluation.

Outcome Measures

The primary outcome measure was to compare the
degree of cellularity in biopsy samples obtained from
EUS-FNB of pancreatic masses between the 4 needle
types for a single pass, adopting the 3 sampling tech-
niques. Secondary outcomes were to compare operating
characteristics (sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy) of FNB
Procedure Details According to Needle Type

ini-tip Franseen Fork-tip

P value33) (n ¼ 32) (n ¼ 31)

(13.8) 69.8 (9.9) 63.8 (15.5)
1 72 64 .054
–78 64.5–77 54–71
–94 46–88 25–92

39.4) 18 (56.3) 14 (45.2) .587
60.6) 14 (43.7) 17 (54.8)

3.0) 4 (12.5) 2 (6.5) .370
81.8) 24 (75.0) 23 (74.2)
5.2) 4 (12.5) 6 (19.4)

(1.0) 3.2 (1.1) 3.1 (1.1)
.0 3.0 3.0 .986
–3.4 2.5–4.0 2.0–4.0
–6.0 0.6–6.0 1.0–6.0

81.8) 24 (75.0) 23 (74.2) .882
8.2) 8 (25.0) 8 (25.8)
42.4) 17 (53.1) 15 (48.4) .689
8.2) 3 (9.4) 5 (16.1) .732

8.2) 8 (25.0) 8 (25.8) .882
81.8) 24 (75.0) 23 (74.2)

78.8) 26 (81.3) 22 (71.0) .284
2.1) 1 (3.1) 4 (12.9)
9.1) 5 (15.6) 5 (16.1)
0 0 1 (3.2) .034
3.0) 2 (6.3) 1 (3.2) .886

nge.

th an artery and a vein in 5 patients.
peritoneum in 1 patient.

cy in 93 patients (92 pancreatic adenocarcinoma, 1 squamous cell carcinoma);
mphoma, 7 neuroendocrine tumor, 3 solid pseudopapillary tumor).
ts and needle did not exit the sheath during FNB in 1 patient; and fork-tip: bent

ion for observation for 1 day in 1 patient; Menghini-tip: upper gastrointestinal
bleeding during FNB in 1 patient, upper gastrointestinal bleed 2 days after FNB,
ral abdominal pain, requiring an emergency room visit in 1 patient.
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samples for a single pass, based on the final diagnosis as
defined earlier. Other outcomes included diagnostic ad-
equacy, specimen bloodiness and crush artifact in the
biopsy sample, diagnostic sensitivity for detecting can-
cer, predictors of high cellularity in the biopsy sample,
technical failure, and adverse events.

Sample Size Calculation

The sample size calculation was based on the primary
outcome measure of the procurement of high cellularity
biopsy samples. A 2-tailed sample size calculation was
performed with a type I error of 0.005 at 80% power
with the estimated rate of procurement of a high cellu-
larity sample of 25% using the reverse-bevel needle,
compared with the rate of procurement of a high cellu-
larity sample of 65% using the newer-generation Men-
ghini-tip, franseen, and fork-tip needles.6,7,18–22 This
resulted in a sample size of 28 patients per group (total
sample size, 112 patients) and hence was set at 31 pa-
tients per group to account for a 10% drop-out rate.
Table 2. Procedure Outcomes for Each Technique for a Single

Reverse-bevel
(n ¼ 33)

Men
(n

Technique: no suction
Diagnostic adequacy, n (%) 21 (63.6) 22
Cellularity, %
Mean (SD) 25.8 (33.8) 31.
Median 9.3
IQR 0–41.0 0
Range 0–100 0
Low 17 (51.5) 18
Intermediate 8 (24.2) 5
High 8 (24.2) 10

Crush artifact present, n (%) 2 (6.1) 2
Technique: stylet retraction

Diagnostic adequacy, n (%) 27 (81.8) 29
Cellularity, %
Mean (SD) 31.5 (31.7) 34.
Median 22.4
IQR 6.8–38.4 4.1
Range 0–100 0
Low 10 (30.3) 10
Intermediate 16 (48.5) 15
High 7 (21.2) 8

Crush artifact present, n (%) 3 (9.1) 1
Technique: suction

Diagnostic adequacy, n (%) 28 (84.8) 33
Cellularity, %
Mean (SD) 31.2 (32.4) 29.
Median 23.4
IQR 7.2–50.3 10.
Range 0–100 0.9
Low 13 (39.4) 8
Intermediate 12 (36.4) 20
High 8 (24.2) 5

Crush artifact present, n (%) 5 (15.2) 5

IQR, interquartile range.
aFor comparison of degree of cellularity, the P value is for comparison of low-/in
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Statistical Analysis

Baseline patient demographics, characteristics of
pancreatic mass lesions, procedural details, and out-
comes were summarized as means (with SD) and me-
dians (with interquartile range and range) for
continuous data and as frequencies and proportions for
categoric data. Continuous data were compared using the
Kruskal–Wallis test and categoric data were compared
using the chi-square test or the Fisher exact test as
indicated. Operating characteristics of biopsy samples
also were calculated for each needle type and technique
and were compared using the chi-square test.

To identify factors associated with high cellularity on
biopsy samples for all mass lesions and for pancreatic
neoplastic lesions, multiple logistic regression and
reverse stepwise multivariate logistic regression ana-
lyses were performed. All relevant clinical and proce-
dural variables were used, including patient
demographics, mass characteristics, needle type, and
sampling technique.
Pass, With Comparison Between the Needles

ghini-tip
¼ 33)

Franseen
(n ¼ 32)

Fork-tip
(n ¼ 31) P valuea

(66.7) 30 (93.8) 29 (93.5) .001

6 (40.8) 63.1 (36.9) 74.6 (36.8)
8.1 70.3 96.5 <.001
–77.8 36.9–99.4 48.5–100
–100 0–100 0–100
(54.5) 5 (15.6) 3 (9.7) <.001
(15.2) 7 (21.9) 5 (16.1)
(30.3) 20 (62.5) 23 (74.2)
(6.1) 6 (18.8) 5 (16.1) .243

(87.9) 32 (100) 31 (100) .011

7 (31.9) 66.6 (30.9) 61.0 (31.6)
30.3 73.1 55.5 <.001
–49.5 40.5–98.8 33.7–99.7
–100 5.0–100 4.0–100
(30.3) 2 (6.2) 2 (6.5) <.001
(45.5) 8 (25.0) 12 (38.7)
(24.2) 22 (68.8) 17 (54.8)
(3.0) 10 (31.3) 5 (16.1) .010

(100) 32 (100) 31 (100) .002

5 (24.8) 40.5 (31.3) 43.3 (30.8)
23.2 34.5 41.3 .140
9–40.9 9.6–61.5 16.1–66.4
8–93.8 0.069–99.9 0.28–100
(24.2) 9 (28.1) 5 (16.1) .196
(60.6) 11 (34.4) 16 (51.6)
(15.2) 12 (37.5) 10 (32.3)
(15.2) 8 (25.0) 4 (12.9) .578

termediate-cellularity vs high-cellularity biopsy samples.
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Statistical significance was determined at a P value
less than .05. Analyses of the outcome measures and
reporting were performed using the intention-to-treat
method. All statistical analyses were performed using
Stata 14 (Stata Corp, College Station, TX). The results
are reported in accordance with the Consolidated
Standards of Reporting Trials 2010 guidelines and the
Standards for Reporting of Diagnostic Accuracy
guideline.

Results

Of 172 consecutive patients screened for participa-
tion in this study between September 2019 and
December 2019, 43 patients were excluded
(Supplementary Figure 2). A total of 129 patients
constituted the study cohort and were randomized to 1
of 4 groups.

Patient Demographics, Tumor Characteristics,
and Procedure Details

There was no significant difference in patient de-
mographics, tumor characteristics, or postprocedure
adverse events between the cohorts (Table 1). A final
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diagnosis of carcinoma was established in 93 patients
(72.1%), other neoplasia in 16 patients (12.4%), and
benign disease in 20 patients (15.5%). Of 109 patients
with neoplastic disease, 15 patients underwent surgical
resection, 71 were undergoing chemotherapy with or
without radiation therapy, 19 were deceased secondary
to underlying malignancy, and 4 elected not to receive
any treatment and had clinical–radiologic evidence of
disease progression (metastases). Of the 20 patients with
benign disease, 2 underwent repeat EUS-FNB with a
confirmation of benign disease and 18 were asymptom-
atic at a median follow-up period of 7 months, with
resolution or a decrease in size of mass on computed
tomography imaging.
Biopsy Samples

Primary outcome: cellularity for a single
pass. Cellularity was significantly higher for the franseen
and fork-tip needles compared with the Menghini-tip and
reverse-bevel needles, for both the no suction and stylet
retraction techniques (Table 2, Figure 1, and
Supplementary Figure 3). The median cellularity was
suboptimal for all 4 needles when applying suction.
Bloodiness in the biopsy sample was significantly lower
Figure 1. Images showing
H&E staining (left panels)
of pancreatic adenocarci-
noma (20�) with corre-
sponding digital images
(right panels) showing
adenocarcinoma with
pancreatic acinar and
ductal cells, fibrosis,
blood, and crush artifact
for (A and B) franseen and
(C and D) fork-tip needles.
In the digital images, core
tissue is highlighted in
green, blood is highlighted
in blue, and crush artifact
is highlighted in red.
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Table 3.Multiple Logistic Regression Analysis Examining the factors Associated With Obtaining High Cellularity in Biopsy
Samples During EUS-FNB

Variable Odds ratio 95% CI P value

All lesions Multiple logistic regression analysis
Needle type Menghini-tip vs reverse-bevel 1.08 0.55–2.15 .816

Franseen vs reverse-bevel 4.72 2.47–9.03 <.001
Fork-tip vs reverse-bevel 4.41 2.27–8.58 <.001

Technique Stylet retraction vs suction 2.14 1.22–3.76 .008
No suction vs suction 2.77 1.58–4.86 <.001

Age, y 1.01 0.99–1.03 .159
Sex, male vs female 1.07 0.68–1.70 .762
Race, white vs other 1.13 0.65–1.94 .669
Mass size, >3 vs �3 cm 1.87 1.16–3.02 .011
Mass location, body/tail vs head/uncinate/genu 1.50 0.87–2.60 .146

Reverse stepwise multivariate logistic regression analysis
Needle type Franseen vs reverse-bevel 4.42 2.58–7.58 <.001

Fork-tip vs reverse-bevel 3.86 2.24–6.64 <.001
Technique Stylet retraction vs suction 2.13 1.21–3.72 .008

No suction vs suction 2.74 1.57–4.80 <.001
Mass size, >3 vs �3 cm 1.92 1.21–3.05 .005

Pancreatic
neoplastic
lesions
only

Multiple logistic regression analysis
Needle type Menghini-tip vs reverse-bevel 0.97 0.47–2.03 .940

Franseen vs reverse-bevel 5.18 2.53–10.6 <.001
Fork-tip vs reverse-bevel 4.43 2.14–9.17 <.001

Technique Stylet retraction vs suction 2.13 1.16–3.93 .015
No suction vs suction 3.16 1.71–5.84 <.001

Age, y 1.01 0.99–1.03 .275
Sex, male vs female 0.97 0.59–1.60 .908
Race, white vs other 1.22 0.68–2.19 .508
Mass size, >3 vs �3 cm 1.52 0.90–2.58 .118
Mass location, body/tail vs head/uncinate/genu 1.78 0.96–3.31 .067

Reverse stepwise multivariate logistic regression analysis
Needle type Franseen vs reverse-bevel 5.22 2.89–9.43 <.001

Fork-tip vs reverse-bevel 4.24 2.34–7.65 <.001
Technique Stylet retraction vs suction 2.11 1.15–3.88 .016

No suction vs suction 3.12 1.69–5.74 <.001
Mass location: body/tail vs head/uncinate/genu 1.88 1.06–3.32 .031

EUS-FNB, endoscopic ultrasound–guided fine-needle biopsy.
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for the franseen and fork-tip needles compared with the
Menghini-tip and reverse-bevel needles, for both the no
suction and stylet retraction techniques. Bloodiness was
high when using suction for all 4 needles. There was no
significant difference in the presence or quantity of crush
artifact irrespective of the needle or sampling technique
used (Supplementary Tables 1 and 2).

Diagnostic adequacy for a single pass. The diagnostic
adequacy was significantly higher at 93.8% to 100% for
the franseen and fork-tip needles compared with 63.6%
to 87.9% for the Menghini-tip and reverse-bevel needles
for both the no suction and stylet retraction techniques
(Table 2). The diagnostic adequacy was significantly
higher at 100% when applying suction, for all needles
except the reverse-bevel needle (84.8%). Immunohisto-
chemistry studies were requested in 36 subjects and
there was adequate tissue to perform testing successfully
in all patients. Molecular profiling was requested in 6
patients, 2 in the franseen, 2 in the fork-tip, and 1 each in
the Menghini-tip and reverse-bevel cohorts, and the bi-
opsy sample was sufficient for analysis in all 6 subjects.
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Predictors of high cellularity for pancreatic mass
lesions. On reverse-stepwise multivariate logistic
regression analysis, the use of the franseen needle, the
fork-tip needle, not applying suction, use of stylet
retraction, and pancreatic mass greater than 3 cm in size
were associated with high cellularity (Table 3).

Operating characteristics. Although not the primary
outcome of our study, we calculated operating charac-
teristics for biopsy samples procured using the FNB
needles. The overall sensitivity and accuracy of the
franseen and fork-tip needles for diagnostic performance
were 90% or greater and were significantly higher than
the Menghini-tip and reverse-bevel needles (Table 4).
However, the diagnostic sensitivity and accuracy for the
Menghini-tip needle improved to 86.7% and 87.9%,
respectively, when applying suction.

Pancreatic neoplasia and predictors of high cellularity
in neoplasia. The diagnostic sensitivity of the franseen
and fork-tip needles for diagnosing neoplasia was
significantly higher and ranged from 92.6% to 100% for
all 3 techniques, compared with the maximum
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Table 4. Diagnostic Performance of Biopsy Samples for Each Technique, With Comparison Between the Needles

Technique Operating characteristic

Needle type

P valueReverse-bevel Menghini-tip Franseen Fork-tip

All lesions
All techniques Sensitivity, % (95% CI) 61.0 (49.6–71.6) 72.8 (62.6–81.6) 91.6 (83.4–96.5) 96.3 (89.4–99.2) <.001

Specificity, % (95% CI) 100 (80.5–100) 100 (59.0–100) 100 (75.3–100) 100 (75.3–100) .999
PPV, % (95% CI) 100 (92.9–100) 100 (94.6–100) 100 (95.3–100) 100 (95.3–100) .999
NPV, % (95% CI) 34.7 (21.7–49.6) 21.9 (9.3–40.0) 65.0 (40.8–84.6) 81.3 (54.4–96.0) <.001
Accuracy, % (95% CI) 67.7 (57.5–76.7) 74.7 (65.0–82.9) 92.7 (85.6–97.0) 96.8 (90.9–99.3) <.001

No suction Sensitivity, % (95% CI) 48.3 (29.4–67.5) 56.3 (37.7–73.6) 90.0 (72.6–97.8) 90.0 (71.8–97.7) <.001
Specificity, % (95% CI) 100 (39.8–100) 100 (2.5–100) 100 (29.2–100) 100 (29.2–100) .999
PPV, % (95% CI) 100 (76.8–100) 100 (81.5–100) 100 (86.8–100) 100 (86.3–100) .999
NPV, % (95% CI) 21.1 (6.1–45.6) 6.7 (0.2 - 31.9) 50.0 (11.8–88.2) 50.0 (11.8–88.2) .071
Accuracy, % (95% CI) 54.5 (36.4–71.9) 57.6 (39.2–74.5) 90.6 (75.0–98.0) 90.3 (74.2–98.0) <.001

Stylet retraction Sensitivity, % (95% CI) 65.4 (44.3–82.8) 76.7 (57.7–90.1) 92.6 (75.7–99.1) 100 (86.8–100) .003
Specificity, % (95% CI) 100 (59.0–100) 100 (29.2–100) 100 (47.8–100) 100 (47.8–100) .999
PPV, % (95% CI) 100 (80.5–100) 100 (85.2–100) 100 (86.3–100) 100 (86.8–100) .999
NPV, % (95% CI) 43.8 (19.8–70.1) 30.0 (6.7–65.2) 71.4 (29.0–96.3) 100 (47.8–100) .045
Accuracy, % (95% CI) 72.7 (54.5–86.7) 78.8 (61.1–91.0) 93.8 (79.2–99.2) 100 (88.8–100) .005

Suction Sensitivity, % (95% CI) 70.4 (49.8–86.2) 86.7 (69.3–96.2) 92.6 (75.7–99.1) 100 (86.8–100) .023
Specificity, % (95% CI) 100 (54.1–100) 100 (29.2–100) 100 (47.8–100) 100 (47.8–100) .999
PPV, % (95% CI) 100 (82.4–100) 100 (86.8–100) 100 (86.3–100) 100 (86.8–100) .999
NPV, % (95% CI) 42.9 (17.7–71.1) 42.9 (9.9–81.6) 71.4 (29.0–96.3) 100 (47.8–100) .107
Accuracy, % (95% CI) 75.8 (57.7–88.9) 87.9 (71.8–96.6) 93.8 (79.2–99.2) 100 (88.8–100) .014

Pancreatic neoplasia only
All techniques Sensitivity, % (95% CI) 64.1 (52.4–74.7) 74.4 (64.2–83.1) 93.8 (86.2–98.0) 98.7 (93.1–100) <.001
No suction Sensitivity, % (95% CI)a 53.8 (33.4–73.4) 60.0 (40.6–77.3) 96.3 (81.0–99.9) 96.2 (80.4–99.9) <.001
Stylet retraction Sensitivity, % (95% CI)a 65.4 (44.3–82.8) 76.7 (57.7–90.1) 92.6 (75.7–99.1) 100 (86.8–100) .003
Suction Sensitivity, % (95% CI)a 73.1 (52.2–88.4) 87.7 (69.3–96.2) 92.6 (75.7–99.1) 100 (86.8–100) .022

NPV, negative predictive value; PPV, positive predictive value.
aSensitivity for the diagnosis of pancreatic neoplasia was as follows: Menghini-tip vs franseen: sensitivity was significantly higher for the franseen needle for no
suction (P ¼ .001). However, there was no significant different between the franseen and Menghini-tip needles for suction (P ¼ .467) and stylet retraction
techniques (P ¼ .100). Menghini-tip vs fork-tip: sensitivity was significantly higher for the fork-tip needle for no suction (P ¼ .001) and stylet retraction (P ¼ .008).
However, there was no significant difference between the fork-tip and Menghini-tip needles for suction (P ¼ .053).
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sensitivities of 73.1% for the reverse-bevel and 87.7%
for the Menghini-tip needles, when applying suction
(Table 4).

On reverse-stepwise multivariate logistic regres-
sion analysis, the use of the franseen needle, fork-tip
needle, not applying suction, use of stylet retraction,
and pancreatic mass located in the body/tail regions of
the pancreas were associated with high cellularity
(Table 3).
Table 5. Recommended Procedural Techniques to Achieve Op

Needle type

Re

Best cellularity

Reverse-bevel Stylet retraction ¼ suction
Menghini-tip No suction ¼ stylet retraction ¼ suction
Franseen Stylet retraction
Fork-tip No suction ¼ stylet retraction

FNB, fine-needle biopsy.
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Summary Analysis of the Performances of
Individual Fine-Needle Biopsy Needles

A summary analysis of the performance of indi-
vidual FNB needles for a single pass is shown in
Tables 2 and 4, and Supplementary Table 3. A detailed
description of the performances of individual FNB
needles is included in the Supplementary Appendix.
The recommended procedural technique for each FNB
timal Overall Outcomes for Each FNB Needle Type

commended technique

Best diagnostic accuracy
Best overall

outcome (specimen)

Suction Suction
Suction Suction
Stylet retraction ¼ suction Stylet retraction
Stylet retraction ¼ suction Stylet retraction
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needle to achieve the optimal overall outcome is
shown in Table 5.
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Discussion

The present study confirms our hypothesis that out-
comes of EUS-FNB of pancreatic masses are reliant on
tailoring procedural technique to the type of needle used
for tissue sampling. Overall, the franseen and fork-tip
needles yielded higher cellularity and achieved a high
diagnostic accuracy exceeding 90% on a single pass,
which was significantly higher compared with other FNB
needles.

Prior studies have shown that the presence of an
onsite cytopathologist improves the operating charac-
teristics of EUS-FNA of pancreatic masses by yielding a
diagnostic sensitivity of 88% to 95% compared with only
80% or less in the absence of a cytopathologist.4 How-
ever, in the United States, ROSE is available only in select
centers and seldom available outside the country.
Although the use of a cell block specimen processing
technique eliminated the need for ROSE, the diagnostic
accuracy for specimens procured using an FNA needle
was only 71.9%.2 Although the FNB needle was devel-
oped to overcome this limitation, several studies
including a recent meta-analysis, did not show a signifi-
cant improvement over FNA needles.18,23 However, the
majority of these studies evaluated older-generation,
reverse-bevel needles and not the newer-generation
FNB needles.24 In the present study, the diagnostic ad-
equacy and accuracy of biopsy samples procured using
the franseen and fork-tip needles exceeded 90%.

The present study reinforces observations from prior
randomized trials on EUS-guided tissue acquisition: the
use of suction increases sample bloodiness.2,3 However,
although bloodiness is a detriment to the diagnostic
performance of ROSE, it does not appear to significantly
impact operating characteristics of biopsy samples pro-
cessed as histologic specimens. Although not applying
suction had no major impact on the performance of both
franseen and fork-tip needles, it significantly decreased
the diagnostic performance of the other 2 needles and
only the application of suction improved the operating
characteristics of both reverse-bevel and Menghini-tip
needles. To optimize cellularity and yield a high diag-
nostic accuracy, we found stylet retraction to be the most
optimal sampling technique for both the franseen and
fork-tip needles.

What lessons can we learn from this randomized trial
that can advance the role of EUS-guided tissue acquisi-
tion in pancreatic cancer? First, tissue acquisition using
the franseen or fork-tip needle precludes the need for
ROSE because histologic specimen processing yields an
overall diagnostic accuracy and sensitivity for the
detection of neoplasia that exceeds 90%. Second, the
most optimal outcomes for biopsy samples can be ach-
ieved by tailoring the sampling technique to the needle
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type. We recommend stylet retraction during sampling
for the franseen and fork-tip needles and applying suc-
tion to the Menghini-tip needle to achieve optimal out-
comes. Third, although studies on EUS-FNA of pancreatic
cancer suggest that a minimum of 4 passes is required to
achieve a diagnostic sensitivity of more than 90%,25 in
the present study, similar diagnostic sensitivities could
be achieved with just a single pass when using the
franseen or fork-tip needles. In a recent prospective
study, pancreatic adenocarcinoma organoids were iso-
lated successfully with just a single pass during EUS-
FNB.26 For centers that rely on the reverse-bevel and
Menghini-tip needles, we recommend performing 2 to 3
passes using suction to achieve optimal outcomes.
Fourth, specimens procured using the franseen and fork-
tip needles are of high cellularity and represent
histology-grade tissue.6 By using a basic science digital
software that categorized specimens into individual tis-
sue components, we observed that both needles yielded
more tissue with retained histologic architecture, which
is relevant for evaluating diseases such as autoimmune
or chronic pancreatitis, which can mimic well-
differentiated pancreatic cancer. Furthermore, in this
study, desmoplastic fibrosis was seen in 92% and 91% of
study subjects with pancreatic adenocarcinoma who
underwent sampling using the franseen and fork-tip
needles, respectively, compared with only 42% and
47% with the Menghini-tip and reverse-bevel needles,
respectively (P < .001) (Supplementary Figure 4). Des-
moplasia is a cellular reaction to the neoplastic process
but is difficult to acquire with standard bevel needles
because it requires tissue “coring.” This is relevant in
clinical investigations because patients with activated
stroma tend to have a poor prognosis and are less
responsive to neoadjuvant therapy because the desmo-
plastic stromal proliferation inhibits delivery of chemo-
therapeutic agents and vascular penetration.27 Because
the majority of patients with pancreatic cancer do not
undergo surgery, FNBs also can be used to develop
ex vivo organoids as a testbed for therapeutic agents.
Consequently, these findings at pathology may have
therapeutic implications for delivery of oncologic care.
Finally, by conclusively establishing the definitive needle
and definitive technique that can yield a definitive diag-
nosis in the majority of patients, we believe that our
findings may enable standardization of the practice of
EUS-guided tissue acquisition in pancreatic cancer.

There were a few limitations to this study. First, we
only evaluated patients with pancreatic mass lesions and
hence the findings may not be applicable to patients with
mass lesions in other organs. Second, because it was not
possible to blind the endosonographers performing the
procedure, the possibility of bias cannot be eliminated.
However, this limitation is likely to be minimal because
the pathologists and study coordinators were blinded to
the type of FNB needle and technique used for tissue
sampling. Third, in this study, the information on the
presence of visible core tissue in specimen containers on
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gross inspection was not collected and therefore its
relationship with the degree of cellularity cannot be
elucidated. Finally, because the study was performed at a
tertiary referral center by experienced endo-
sonographers, it is possible that the outcomes may not be
generalizable to less experienced hands.

In conclusion, in patients with suspected pancreatic
cancer, a highly cellular specimen with a diagnostic ac-
curacy of more than 90% can be achieved by performing
a single biopsy using the franseen or fork-tip FNB needle,
adopting the recommended sampling technique.
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Supplementary Materials and Methods

Description of Fine-Needle Biopsy Needle Tip
Geometries

Reverse-bevel. The 22G Echotip Procore (Cook
Endoscopy) needle has a 5.2F shaft, a core trap of 2 mm,
and a reverse-bevel length of 5.9mm (Supplementary
Figure 1A). The reverse-bevel at the side hole located
just distal to the needle tip enhances suctioning of the
tissue during to-and-fro movement inside the mass
lesion.

Menghini-tip. The 22G EZ Shot 3 Plus (Olympus
America) Menghini needle tip design features sharp,
continuous cutting edges to cleanly cut tissue specimens
while preserving the cellular architecture
(Supplementary Figure 1B).

Franseen. The 22G Acquire (Boston Scientific Corpo-
ration) needle design has a crown-tip with 3 symmetric
surfaces that manifest as 3 cutting edges (Supplementary
Figure 1C). This unique geometry contributes to a longer
insertion length and the area at the crown tip that fa-
cilitates greater tissue acquisition.

Fork-tip. The 22G SharkCore (Medtronic Corpora-
tion) needle has a second sharp tip on the opposite side
of the lumen with the aim of improving tissue capture
(Supplementary Figure 1D).

Procedural Technique

Description of sampling maneuvers. Suction. In the
suction technique, after puncturing the pancreatic mass
and removing the stylet, 20 mL of dry negative suction
was applied before fanning and suction was released
before removal of the needle.

Stylet retraction. In the stylet retraction technique,
sampling was performed adopting the fanning maneuver,
with simultaneous minimal negative pressure provided
by retracting the needle stylet slowly and continuously
to half of the length of the stylet.

No suction. In the no suction technique, sampling was
performed using the fanning technique (4 strokes at 4
locations within the mass), without applying suction or
retracting the stylet.

Tissue preparation and histologic assessment. The bi-
opsy samples were submitted to the laboratory in 10%
formalin, with each pass performed using the 3 different
samplingmaneuvers placed in separate containers. Once in
the laboratory, the contents of the specimencontainerwere
poured through filter paper to capture the tissue cores and
fragments. The filter paper then was folded around the
cores and fragments. The folded filter then was placed into
a cassette and submitted in formalin for processing,
imbedding, sectioning, and mounting on slides. The
completed slideswere stained using theH&E stain process.

The presence of core tissue, blood, and crush artifact
from tissue acquisition were recorded. The grading of
cellularity was defined as low, intermediate, or high: low
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cellularity was defined as the proportion of core tissue to
total specimen area of 0% to 10%, intermediate cellu-
larity was defined as 11% to 50%, and high cellularity
was defined as more than 50%.1 Specimen bloodiness
was categorized on the basis of percentage of blood in
the microscopic field: mild, less than 33%; moderate,
33% to 66%; and severe, more than 66%.2 Crush artifact
was defined as areas of distortion of histologic tissue
architecture during specimen processing.3

Immunohistochemistry studies for evaluation of
morphologically challenging lesions and molecular
profiling for tailoring chemotherapy regimens were
performed when required.
Results

Performances of the Individual Fine-Needle
Biopsy Needles: Single Pass

Reverse-bevel. A maximum diagnostic adequacy of
84.8% and a median cellularity of 23.4% could be ach-
ieved by applying suction. Specimen bloodiness on
average was highest for the reverse-bevel needle irre-
spective of the sampling technique. A maximum diag-
nostic sensitivity and accuracy of 70.4% and 75.8%,
respectively, could be achieved when applying suction,
however, it was the lowest among all FNB needles.
Therefore, the most optimal overall outcome, taking into
consideration cellularity and diagnostic accuracy, could
be achieved only by applying suction.

Menghini-tip. A maximum diagnostic adequacy of
100% could be achieved by applying suction, and a
maximummedian cellularity of 30.3% could be achieved by
the stylet retraction technique. A maximum diagnostic
sensitivity and accuracy of 86.7% and 87.9%, respectively,
could be achievedwith suction. Therefore, themost optimal
overall outcome, taking into consideration cellularity and
diagnostic accuracy, could be achieved by applying suction.

Franseen. Amaximumdiagnostic adequacy of 93.8% to
100% could be achieved using any of the 3 sampling
techniques, and a maximum median cellularity of 73.1%
was achieved by stylet retraction. The specimenbloodiness
was classified as high in 43.8% of biopsy samples when
applying suction, butwas classified as high in only 12.5% to
15.6% for the other 2 techniques. A maximum diagnostic
sensitivity and accuracy of 92.6% and 93.8%, respectively,
could be achieved using stylet retraction or by applying
suction. Therefore, the most optimal overall outcome, tak-
ing into consideration cellularity and diagnostic accuracy,
could be achieved by the stylet retraction technique.

Fork-tip. A maximum diagnostic adequacy of
93.5% to 100% could be achieved using any of the 3
sampling techniques and a median cellularity of
more than 95% was achieved by not applying suc-
tion; the median cellularity for the stylet retraction
technique was the second highest at 55.5%. Spec-
imen bloodiness was classified as high in 45% of
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biopsy samples when applying suction, but was
classified as high in less than 23% of the biopsy
samples for other techniques. A maximum diagnostic
sensitivity and accuracy of 100% could be achieved
in the biopsy samples by stylet retraction or by
applying suction. Therefore, the most optimal overall
outcome, taking into consideration cellularity and
diagnostic accuracy, could be achieved by the stylet
retraction technique.
Supplementary
Figure 1. Needle-tip de-
signs of the (A) reverse-
bevel, (B) Menghini-tip, (C)
franseen, and (D) fork-tip
needles.
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Supplementary
Figure 2. The CONSORT Q13

flow diagram. EUS, endo-
scopic ultrasound.
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Supplementary
Figure 4. H&E staining of
pancreatic adenocarci-
noma of (A) 40� and (B)
100�, with the specimen
showing desmoplastic
fibrosis and malignant
ductal epithelium.
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Supplementary
Figure 3. Image showing
H&E staining (left panels) of
pancreatic adenocarci-
noma (20�) with a corre-
sponding digital image
(right panels) showing
adenocarcinoma with
pancreatic acinar and
ductal sells, blood, fibrosis,
and crush artifact for (A
and B) reverse-bevel and
(C and D) Menghini-tip
needles. In the digital im-
ages, core tissue is high-
lighted in green, blood is
highlighted in blue, and
crush artifact is highlighted
in red Q14.
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Supplementary Table 1.Quantity of Crush Artifact and Presence of Blood for Each Technique for a Single Pass, With
Comparison Between the Needles

Reverse-bevel
(n ¼ 33)

Menghini-tip
(n ¼ 33)

Franseen
(n ¼ 32)

Fork-tip
(n ¼ 31) P value

Technique: no suction
Quantity of crush artifact, %
Mean (SD) 0.013 (0.056) 0.014 (0.063) 0.064 (0.25) 0.50 (2.4)
Median 0 0 0 0 .741
IQR 0–0 0–0 0–0 0–0
Range 0–0.29 0–0.35 0–1.4 0–13.2

Specimen bloodiness, n (%)
Low 11 (33.3) 19 (57.6) 20 (62.5) 23 (74.2) <.001
Moderate 4 (12.1) 0 8 (25.0) 2 (6.5)
High 18 (54.5) 14 (42.4) 4 (12.5) 6 (19.4)

Technique: stylet retraction
Quantity of crush artifact, %
Mean (SD) 0.010 (0.040) 0.0055 (0.031) 0.13 (0.39) 0.30 (1.3)
Median 0 0 0 0 .236
IQR 0–0 0–0 0–0.085 0–0
Range 0–0.20 0–0.18 0–2.0 0–7.4

Specimen bloodiness, n (%)
Low 8 (24.2) 10 (30.3) 17 (53.1) 14 (45.2) .002
Moderate 4 (12.1) 8 (24.2) 10 (31.3) 10 (32.3)
High 21 (63.6) 15 (45.5) 5 (15.6) 7 (22.6)

Technique: suction
Quantity of crush artifact, %
Mean (SD) 0.36 (1.9) 0.029 (0.092) 0.052 (0.13) 0.081 (0.33)
Median 0 0 0 0 .874
IQR 0–0 0–0 0–0.03 0–0
Range 0–10.9 0–0.44 0–0.63 0–1.8

Specimen bloodiness, n (%)
Low 8 (24.2) 4 (12.1) 7 (21.9) 8 (25.8) .332
Moderate 5 (15.2) 7 (21.2) 11 (34.4) 9 (29.0)
High 20 (60.6) 22 (66.7) 14 (43.8) 14 (45.2)

IQR, interquartile range.
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Supplementary Table 2.Quantity of Crush Artifact and Presence of Blood for Each Needle Type for a Single Pass, With
Comparison Between the Techniques

No suction Stylet retraction Suction P value

Needle: reverse-bevel (n ¼ 33)
Quantity of crush artifact, %
Mean (SD) 0.013 (0.056) 0.010 (0.040) 0.36 (1.9)
Median 0 0 0 .792
IQR 0–0 0–0 0–0
Range 0–0.29 0–0.20 0–10.9

Specimen bloodiness, n (%)
Low 11 (33.3) 8 (24.2) 8 (24.2) .901
Moderate 4 (12.1) 4 (12.1) 5 (15.2)
High 18 (54.5) 21 (63.6) 20 (60.6)

Needle: Menghini-tip (n ¼ 33)
Quantity of crush artifact, %
Mean (SD) 0.014 (0.063) 0.0055 (0.031) 0.029 (0.092)
Median 0 0 0 .683
IQR 0–0 0–0 0–0
Range 0–0.35 0–0.18 0–0.44

Specimen bloodiness: n (%)
Low 19 (57.6) 10 (30.3) 4 (12.1) <.001
Moderate 0 8 (24.2) 7 (21.2)
High 14 (42.4) 15 (45.5) 22 (66.7)

Needle: franseen (n ¼ 32)
Quantity of crush artifact, %
Mean (SD) 0.064 (0.25) 0.13 (0.39) 0.052 (0.13)
Median 0 0 0 .632
IQR 0–0 0–0.085 0–0.030
Range 0–1.4 0–2.0 0–0.63

Specimen bloodiness, n (%)
Low 20 (62.5) 17 (53.1) 7 (21.9) .005
Moderate 8 (25.0) 10 (31.3) 11 (34.4)
High 4 (12.5) 5 (15.6) 14 (43.7)

Needle: fork-tip (n ¼ 31)
Quantity of crush artifact, %
Mean (SD) 0.50 (2.4) 0.30 (1.3) 0.081 (0.33)
Median 0 0 0 .971
IQR 0–0 0–0 0–0
Range 0–13.2 0–7.4 0–1.8

Specimen bloodiness, n (%)
Low 23 (74.2) 14 (45.2) 8 (25.8) .002
Moderate 2 (6.4) 10 (32.3) 9 (29.0)
High 6 (19.4) 7 (22.6) 14 (45.2)

IQR, interquartile range.
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Supplemental Table 3. Procedure Outcomes for Biopsy Samples for Each Needle Type for a Single Pass, With Comparison
Between Techniques

No suction Stylet retraction Suction P value

Needle: reverse-bevel (n ¼ 33)
Diagnostic adequacy, n (%) 21 (63.6) 27 (81.8) 28 (84.8) .088
Cellularity, %
Mean (SD) 25.8 (33.8) 31.5 (31.7) 31.2 (32.4)
Mediana 9.3 22.4 23.4 .235
IQR 0–41.0 6.8–38.4 7.2–50.3
Range 0–100 0–100 0–100
Low 17 (51.5) 10 (30.3) 13 (39.4) .945b

Intermediate 8 (24.2) 16 (48.5) 12 (36.4)
Higha 8 (24.2) 7 (21.2) 8 (24.2)

Crush artifact present, n (%) 2 (6.1) 3 (9.1) 5 (15.2) .459
Needle: Menghini-tip (n ¼ 33)

Diagnostic adequacy, n (%) 22 (66.7) 29 (87.9) 33 (100) .001
Cellularity, %
Mean (SD) 31.6 (40.8) 34.7 (31.9) 29.5 (24.8)
Medianc 8.1 30.3 23.2 .216
IQR 0–77.7 4.1–49.5 10.9–40.9
Range 0–100 0–100 1.0–93.8
Low 18 (54.5) 10 (30.3) 8 (24.2) .341b

Intermediate 5 (15.2) 15 (45.5) 20 (60.6)
Highc 10 (30.3) 8 (24.2) 5 (15.2)

Crush artifact present, n (%) 2 (6.1) 1 (3.0) 5 (15.2) .171
Needle: Franseen (n ¼ 32)

Diagnostic adequacy, n (%) 30 (93.8) 32 (100) 32 (100) .130
Cellularity, %
Mean (SD) 63.1 (36.9) 66.6 (30.9) 40.5 (31.3)
Mediand 70.3 73.1 34.5 .004
IQR 36.9–99.4 40.5–98.8 9.6–61.5
Range 0–100 5.0–100 0.069–99.9
Low 5 (15.6) 2 (6.2) 9 (28.1) .029b

Intermediate 7 (21.9) 8 (25.0) 11 (34.4)
Highd 20 (62.5) 22 (68.8) 12 (37.5)

Crush artifact present, n (%) 6 (18.8) 10 (31.3) 8 (25.0) .513
Needle: fork-tip (n ¼ 31)

Diagnostic adequacy, n (%) 29 (93.5) 31 (100) 31 (100) .130
Cellularity, %
Mean (SD) 74.6 (36.8) 61.0 (31.6) 43.3 (30.8)
Mediane 96.5 55.5 41.3 .003
IQR 48.5–100 33.7–99.7 16.1–66.4
Range 0–100 4.0–100 0.28–100
Low 3 (9.7) 2 (6.5) 5 (16.1) .004b

Intermediate 5 (16.1) 12 (38.7) 16 (51.6)
Highe 23 (74.2) 17 (54.8) 10 (32.3)

Crush artifact present: n (%) 5 (16.1) 5 (16.1) 4 (12.9) .919

IQR, interquartile range.
aReverse-bevel needle: there was no significant difference in the median cellularity between no suction and stylet retraction (P ¼ .117) and between no suction and
suction techniques (P ¼ .175). There was also no significant difference in high vs low/intermediate cellularity between no suction and stylet retraction (P ¼ .769)
and between no suction and suction (P ¼ .999) techniques.
bFor comparison of degree of cellularity, the P value is for comparison of low-/intermediate-cellularity vs high-cellularity biopsy samples.
cMenghini-tip needle: there was no significant difference in the median cellularity between no suction and stylet retraction (P ¼ .175) and between no suction and
suction techniques (P ¼ .093). There was also no significant difference in high vs low/intermediate cellularity between no suction and stylet retraction (P ¼ .580)
and between no suction and suction (P ¼ .142) techniques.
dFranseen needle: the median cellularity was significantly higher for no suction compared with suction (P ¼ .010), and significantly higher for stylet retraction
compared with suction (P ¼ .001). The proportion of high vs low/intermediate cellularity also was significantly higher for no suction compared with suction (P ¼
.046) and higher for stylet retraction compared with suction (P ¼ .012).
eFork-tip needle: the median cellularity was significantly higher for no suction compared with suction (P ¼ .001), however, no significant difference was observed
for no suction compared with stylet retraction (P ¼ .114). The proportion of high vs low/intermediate cellularity also was significantly higher for no suction
compared with suction (P ¼ .001), however, no significant difference was observed between no suction and stylet retraction (P ¼ .111).
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